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The  purpose  of  this  task  was  to  produce  and  characterize  rabbit  anti-atropine 
antisera  for  future  analytical  studies,  and  to  establish  and  validate  the 
Walter  Reed  Army  Institute  of  Research  (WRAIR)  atropine  radioimmunoassay  (RIA) 
at  Battelle’s  Columbus  Laboratories.  For  Phase  I  of  this  task,  an  atropine- 
BSA  conjugate  was  prepared  and  characterized.  This  conjugate  had  an 
atropine;BSA  molar  ratio  of  approximately  32:1,  and  was  used  to  immunize  12 
atropinase-free  New  Zealand  White  rabbits  for  periods  of  13  or  21  months  using 
two  separate  schedules.  Antisera  were  collected  and  titrated  using  the  RIA 
procedure.  Two  rabbits  having  the  highest  titer  were  identified,  and  their 
sera  were  pooled  for  RIA  development.  Although  the  titers  of  these  sera  were 
10-20-fo1d  lower  than  antisera  from  Or.  Smallridge  at  WRAIR,  the  RIA 
characteristics  were  similar.  Using  a  1:600  dilution,  standard  curves  were 
generated  with  consistent  detection  limits  of  3.0  ng/mL  and  response  ranges 
extending  to  20  ng/mL.  A  representative  standard  curve  had  a  slope  of  0.984, 
a  y-intercept  of  5.975,  an  ED,,  of  432.7  pg/50  pi,  and  a  bound  cpm/total  cpm 
(B/T)  value  of  0.32. 

The  pooled  antibody  was  evaluated  for  specificity  with  various 
atropine  analogues,  and  crossreactivity  was  obtained  only  with  L-hyoscyamine 
p.5  percent),  and  d,1-homatropine  (9.4  percent).  Scooolamine,  acetylcholine 
iodide,  atropine  methyl  nitrate,  tropic  acid,  and  tropine  showed  no 
significant  crossreactivity  (<  1.4  percent).  The  WRAIR  anti-atropine  antisera 
reportedly  crossreaqts  with  L-hvoscyamine  (2.4  percent)  and  d,l-homatropine 
(3.3  percent)  at  similar  level s^’^  Binding  constants  for  the  Battelle  and 
WRAIR  antisera  were  determined  from  Scatchard  plots  to  be  9.75  x  lO’"  and 
2,8  X  10'’®  M’’,  respectively. 

In  Phase  II,  the  atropine  RIA  was  established  and  validated  at 
Battelle’s  laboratories  using  the  Standard  Operating  Procedure  and  antisera 
provided  by  Or.  Smallridge,  WRAIR.  Comparable  response  criteria  were 
demonstrated  for  the  assay.  Using  a  1:1600  dilution  of  the  WRAIR  antisera, 
the  atropine  RIA  had  a  detection  limit  of  1.0  to  1.5  ng/mL,  a  response  range 
extending  to  20  ng/mL,  and  a  B/T  of  0.60.  The  accuracy  of  the  method  was 
demonstrated  in  an  interlaboratory  comparison.  Spiked  rhesus  monkey  serum 
samples  were  prepared  at  WRAIR  and  were  analyzed  at  Battelle  and  WRAIR.  The 
correlation  coefficient  of  the  interlaboratory  comparison  was  0.98  with  a 
slope  of  0.928  and  an  intercept  of  13.94.  The  recovery  of  atropine  from 
spiked  samples  was  within  20  percent  of  the  target  value  at  0,  150,  and 
500  pg/50  and  within  23  percent  of  the  target  value  at  50  pg/50  juL. 

In  summary,  the  WRAIR  atropine  RIA  was  established  and  validated  at 
Battelle,  and  additional  anti-atropine  antisera  sufficient  for  the  analysis  of 
more  than  24,500  samples  (205  mL  at  1:600  dilution)  were  prepared  and 
characterized.  However,  high-tf^^red  antisera  were  not  obtained  d'jring  these 
studies,  possibly  due  to  the  chemical  instability  of  atropine  and/or  the 
conjugation  chemistry.  / 
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EXECUTIVE  SUMMARY 

The  purpose  of  this  tasic  was  to  produce  and  characterize  rabbit 
anti-atropine  antisera  for  future  analytical  studies,  and  to  establish  and 
validate  the  Walter  Reed  Army  Institute  of  Research  (WRAIR)  atropine 
radioimmunoassay  (RIA)  at  Sattelle's  Columbus  Laboratories.  For  Phase  I  of 
this  task,  an  atropine-SSA  conjugate  was  prepared  and  characterized.  This 
conjugate  had  an  atropine:BSA  molar  ratio  of  approximately  32:1,  and  was  used 
to  immunize  12  atrooinase-free  hew  Zealand  White  rabbits  for  periods  of  13  or 
21  months  using  two  separate  schedules.  Antisera  were  collected  and  titrated 
using  the  RIA  procedure.  Two  rabbits  having  the  highest  titer  were 
identified,  and  their  sera  were  pooled  for  RIA  development.  Although  the 
titers  of  these  sera  were  10-20-fold  lower  than  antisera  from  Dr.  Smallridge 
at  WRAIR,  the  RIA  characteristics  were  similar.  Using  a  1:600  dilution, 
standard  curves  were  generated  with  consistent  detection  limits  of  3.0  ng/mL 
and  response  ranges  extending  to  20  ng/mL.  A  representative  standard  curve 
had  a  slope  of  0.984,  a  y-intercept  of  S.975,  an  ©55  of  432.7  pg/SO  /iL,  and  a 
bound  cpm/total  cpm  (B/T)  value  of  0.32. 

The  pooled  antibody  was  evaluated  for  specificity  with  various 
atropine  analogues,  and  crossreactivity  was  obtained  only  with  L-hyoscyamine 
(3.5  percent),  and  d,1-homatropine  (9.4  percent).  Scopolamine,  acetylcholine 
iodide,  atropina  methyl  nitrate,  tropic  acid,  and  tropine  showed  no 
significant  err  •  reactivity  (<  1.4  percent).  The  WRAIR  anti-atropine  antisera 
reportedly  env  -  .ac+s  with  L-hyoscyamine  (2.4  percent)  and  d,l-homatropine 
(3.3  percent)  at  similar  levels^’’.  Binding  constants  for  the  Battelle  and 
WRAIR  antisera  were  determined  from  Scatchard  plots  to  be  9.75  x  10'”  M*’  and 
2.3  X  10‘’“  M*’,  respectively. 

In  Phase  II,  the  atropine  RIA  was  established  and  validated  at 
Battelle' s  laboratories  using  the  Standard  Operating  Procedure  and  antisera 
provided  by  Or.  Smallridge.  WRAIR.  Comparable  response  criteria  were 
demonstratfed  for  the  assay.  Using  a  1:1600  dilution  of  the  WRAIR  antisera, 
the  atropine  RIA  had  a  detection  limit  of  1.0  to  1.5  ng/mL,  a  response  range 
extending  to  20  ng/mL,  and  a  B/T  of  0.50.  The  accuracy  of  the  method  was 
demonstrated  in  an  inter! aboratory  comparison.  Spiked  rhesus  monkey  serum 
samples  were  prepared  at  WRAIR  and  were  analyzed  at  Battelle  and  WRAIR.  The 
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correlation  coefficient  of  the  Interlaboratory  comparison  was  0.98  with  a 
slope  of  0,928  and  an  intercept  of  13.94.  The  recovery  of  atropine  from 
spiked  samples  was  within  20  percent  of  the  target  value  at  0,  150,  and 
500  pg/50  nL,  and  within  23  percent  of  the  target  value  at  SO  pg/50  iiL. 

In  summary,  the  URAIR  atropine  RIA  was  established  and  validated  at 
Battelle,  and  additional  anti-atropine  antisera  sufficient  for  the  analysis  of 
more  than  24,500  samples  (205  mL  at  1:600  dilution)  were  prepared  and 
characterized.  However,  high-titered  antisera  were  not  obtained  during  these 
studies,  possibly  due  to  the  chemical  instability  of  atropine  and/or  the 
conjugation  chemistry. 
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TASK  89>02: 

INVESTIGATION  OF  AN  ATROPINE  RADIOIMMUNOASSAY 


L.fl..,lMTRQOVCTIQN 

An  itroplna  radlolanunoassay  (RIA)  davelopad  by  Uurzbargar  at 
al/^’  has  bean  used  routinely  by  the  U.S.  Army  at  the  Walter  Reed  Army 
Institute  of  Research  (WRAIR).  This  task  was  requested  by  the  U.S.  Army 
Medical  Research  and  Oevelopment  Coonand  (USAMROC)  to  produce  additional  antl- 
atroplne  antisera  for  future  studies,  and  to  establish  this  RIA  capability  at 
Battalia  Columbus  Laboratories. 

The  task  was  performed  In  two  phases.  In  the  first  phase,  rabbit 
anti-atropine  antisera  were  produced  and  characterized  In  order  to  provide  an 
antibody  source  for  future  pharmacokinetic  studies.  Atropine  sulfate  was 
conjugated  to  bovine  serum  albumin  (BSA)  using  a  water  soluble  carbodllmide 
reaction.  Rabbits  were  Innunlzed  with  the  atropIne-BSA  conjugate  and 
anti-atropine  antibodies  were  produced.  The  antibodies  were  characterized  for 
specificity  and  binding  constant,  and  were  Incorporated  Into  an  established 
atropine  RIA. 

In  the  second  phase,  the  atropine  RIA  was  established  and  validated 
at  Battel le's  laboratories.  Using  the  Standai-d  Operating  Procedure  and  rabbit 
anti-atropine  antibodies  provided  by  Or.  Robert  Sraallridge  of  WRAIR,  Battelle 
developed  and  validated  the  atropine  RIA  procedure.  The  two  phases  of  the 
task  were  conducted  concurrently. 


2.0  MATERIALS  AND  METHODS 


2.1  Phase  I.  Preparation  of  Anti-Atropine  Antisera 
2.1.1  Preparation  of  Atropine-BSA  Conjugate 

An  atropine-protein  conjugate  was  prepared  as  an  immunogen  using  the 
procedure  described  by  Wurzberger  et  One  hundred  thirty  seven 

milligrams  (1  mmol)  of  p-aminobenzoic  acid  {PABA;  Sigma  Chemical  Co., 

St.  Louis,  MO)  were  dissolved  in  5  mL  ice-cold  0.2  N  HCl  by  stirring  in  an  ice 
water  bath  (reaction  vessel  number  1).  Ninety  milligrams  (1.3  mmol)  of  NaNOj 


r 


2 


(Stgau  Chtnical  Co.,  St.  Louis,  HO)  m«s  dissolved  In  ica  cold  dolonizad  watar 
and  was  addad  dropwlsa  with  stirring.  Four  ■illllltars  of  1ca-co1d, 
so  parcant  dlnathylforBaalda  (OMF;  Sigu  Chaalcal  Co.,  St.  Louis,  MO)  was 
addad  and  tha  raactlon  was  allowad  to  procaad  for  50  aln  at  0  dagraas  to 
2  dagraas  C.  Twanty  nina  alHlgraas  (0.3  annl)  of  sulfaalc  acid  (Sigma 
Chamical  Co.,  St.  Louis,  MO)  was  dissolvad  In  lea  cold  dalonizad  watar  and 
addad  at  tha  conclusion  of  tha  Incubation  to  quanch  tha  unusad  NaMOj. 

Savan  hundrad  savanty  alght  milligrams  (1.33  omol)  of  atropina 
sulfata  (Sigma  Chamical  Co.,  St.  Louis,  MO)  wara  dissolvad  In  20  at  0.1  M 
sodium  borate,  pH  9.0.  Tha  atropina  solution  was  than  stirred  on  lea 
(reaction  vassal  numbor  2)  as  diazotized  FABA  from  reaction  vassal  number  i 
was  added  dropwlsa.  The  reactants  ware  then  stirred  at  0  degrees  to  2  degrees 
C  In  the  dark.  The  pH  In  reaction  vassal  number  2  was  adjusted  to  9.0  with 
1  N  NaOH,  and  the  mixture  was  stirred  overnight  at  0  degrees  to  2  degrees  C  In 
the  dark. 

The  diazo  reaction  mixture  (vessel  number  2)  was  then  brought  to 
room  temperature.  At  this  stage,  the  reaction  mixture  was  dark  red.  Two 
mill  niters  of  buffer  (0.2  M  NaH^PO^,  0.2  percent  NaHj,  pH  S.S)  ware  added  to 
the  reaction  and  the  pH  was  adjusted  to  ?.0  with  1.0  N  HCl.  Tha  total  volume 
of  the  reaction  mixture  was  approximately  40  mL. 

Forty  four  milligrams  of  N-hydroxysulfosuccininide  (sulfo-NHS; 

Pierce,  Rockford,  IL)  and  800  mg  of  l-«thyl-3-(3-d1aethylam1nopropyl) 
carbodiimide  hydrochloride  (EDC;  Pierce,  Rockford,  IL)  were  added 
simultaneously  to  reaction  vessel  number  2,  giving  final  concentrations  of 
5  mM  *nd  100  mH,  respectively.  Two  hundred  milligrams  (2.98  ;imoles)  of  bovine 
serum  albumin  (8SA;  Sigma  Chemical  Co.,  St.  Louis,  MO)  were  dissolved  in  10  mL 
of  1  M  KHjPO^  and,  0.1  percent  NaNj,  at  a  pH  of  3.0,  and  the  BSA  solution  was 
added  to  reaction  vessel  number  2.  The  pH  of  the  mixture  was  adjusted  to  8.0 
and  the  mixture  was  stirred  1  hr  at  room  temperature.  The  reaction  vessel  was 
transferred  to  a  refrigerator  at  4  degrees  C  and  stirred  overnight. 

The  contents  of  reaction  vessel  number  2  were  transferred  to  pre¬ 
boiled  dialysis  tubing  (12,000  MW  cutoff)  and  were  dialyzed  at  4  degrees  C  for 
5  hr  against  2  x  1  L  of  20  percent  OMF.  The  conjugate  was  further  dialyzed  at 
4  degrees  C  against  5  x  3  L  of  0.15  M  NaCl  over  a  3-day  period.  The  dialyzed 
atropine-BSA  conjugate  was  filtered  through  Whatman  number  1  filter  paper. 
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The  volume  was  adjusted  to  200  icL  (1  mg  atropine-8SA/mL)  with  the  diffusate 
from  the  last  change  of  dialysis  buffer.  The  conjugate  was  aliquoted  and 
stored  at  5  -70  degrees  C. 

2.1.2  Determination  of  Free  Amino  Groups 

The  concentration  of  free  amino  groups  and  the  level  of  atropine 
substitution  on  8SA  were  determined  using  the  2,4,6  tri nitrobenzene-sulfonic 
acid  (TNBS;  Sigma  Chemical  Co.,  St.  Louis,  MO)  method‘^’. 

The  TNBS  reaction  was  performed  as  Illustrated  In  the  following 
table.  Each  sample  determination  was  run  in  duplicate.  The  contents  of  each 
tube  were  mixed  and  incubated  at  40  degrees  C  for  20  min.  The  reaction  was 
stopped  by  the  addition  of  IOC  ;iL  of  1  N  HCl.  Th  :  absorbance  at  335  nm  (Aj^) 
was  determined  aga-^nst  an  appropriate  blank  using  a  04-50  spectrophotometer. 

A  molar  extinction  coefficient  (fj3s  of  10,000  was  used  to  determine  the 
concentration  of  free  amino  groups. 


VdTurae  of  Each-  i  :mnonent:  to  be-  Added  I 

i, 

i'-'' 

Hm 

1 

Blank-1 

0 

560 

0 

2 

3SA 

so 

510 

0 

3 

3SA 

100 

^60 

340 

0 

4 

At r- BSA 

so 

510 

340 

0 

5 

Atr-BSA 

100 

460 

340 

0 

6 

81ank-2 

0 

230 

340 

330 

7 

BSA 

so 

180 

340 

330 

3 

BSA 

100 

130 

340 

330 

9 

Atr-BSA 

so 

180 

340 

330 

10 

Acr-BSA 

100 

130 

340 

330 

2.1.3  UV  Spectroscopy 


Absorption  spectra  of  BSA  (0.1  mg/mL),  atropine  sulfate  (1.0  mg/mL), 
and  atropine-8SA  conjugate  (0.1  mg/mL)  were  determined  using  a  Beckman  OU-50 
spectrophotometer. 


BSA  and  the  atropIne-SSA  conjugate  were  analyzed  using  size 
exclusion  chromatography.  Samples  of  each  in  50  mH  K^PO^  and  150  wM  NaCl  at 
pH  7.0  were  analyzed  on  a  Superosa-6  column  (Pharmacia,  Piscataway,  NJ)  using 
an  FPLC  system  (Pharmacia,  Piscataway,  fW)  at  a  flow  rata  of  1.0  mL/rain. 


Anti-atropine  antibodies  were  produced  in  atropinase-free,  male  New 
Zealand  White  rabbits.  The  rabbits  were  screened  for  atropinase  activity  using 
Medical  Research  and  Evaluation  Facility  (MREF)  Standard  Operating  Procedure 
(S0P-38-4a}  prior  to  beginning  the  Immunization  schedule.  Two  innunization 
schedules  were  employed.  In  the  first  schedule,  four  rabbits  were  imaunized 
with  atropine-RSA  conjugate  prepared  in  monophosphoryl  lipid  A  with  trehalose 
dicorynomycolate  (MPL  ■►TDM)  adjuvant  (Ribi  Imaunochem,  Hamilton,  MT). 

Animals  were  inmunized  for  21  months.  Initially,  and  at  the  conclusion  of  the 
study,  rabbits  were  re-immunized  at  three-week  intervals.  From  month  two 
througi  month  19,  rabbits  were  immunized  at  two-month  Intervals.  Rabbits  were 
immunized  with  1  mi.  of  the  adjuvant-antigen  emulsion  containing  ZOO  ug 
atrop1ne-8SA.  For  the  first  two  months  of  the  study,  the  Injections  w» .e 
distributed  as  follows:  300  jiL  intradermally  (10;  50  ;U./sita  x  6  sites  on 
back),  400  (iL  intramuscularly  (IM;  200  Mt/hind  leg),  100  (iL  subcutaneously 
(SQ)  at  one  site  on  the  neck,  and  200  tfL  intraperitoneally  (IP).  During 
months  4  through  7,  animals  received  40  10  injections  on  the  back  with 
2S  pL/1njection  site.  For  the  last  12  months  of  the  study,  rabbits  were 
immunized  with  500  nL  IM  (250  ;il/hind  leg)  and  500  uL  SC  (2  x  250  ;d./sita  in 
neck).  Sera  were  obtained  from  animals  ten  days  after  each  boost. 

An  additional  eight  rabbits  were  innunized  according  to  a  second 
schedule.  In  this  regimen,  animals  were  Injected  with  an  emulsion  containing 
500  )ig  atrop1ne-8SA  in  Freund's  complete  adjuvant  (GIBCO,  Grand  Island,  N.Y.) 
for  the  initial  immunization  and,  250  aq  atropine-BSA  in  Freund’s  incomplete 
adjuvant  thereafter.  All  injections  were  performed  in  a  volume  of  3  mL 
distributed  as  follows:  I  mL  IM  (0.5  mC/hind  leg),  1  mi.  SC  (2  x  0.5  mi.  in  the 
subscapular  region)  and  1.0  mL  10  (10  x  0.1  mL  on  the  back).  Serun  samples 
were  obtained  10  days  after  each  re- immunization. 
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Anti-atropine  antibody  titers  were  monitored  regularly  by 
determining  percent  bound  cpm/total  cpra  (B/T)  for  serially  diluted  sera  from 
1:100  to  1:12,800.  The  RIA  was  performed  according  to  the  Standard  Operating 
Procedure  prepared  by  Battel le  (Appendix  B).  Day  1  addition  of  sera  and 
reagents  to  RIA  tubes  was  performed  with  a  Tecan  R5P  5052  Robotic  Sample 
Processor  (Tecan  U.S.,  Hillsborough,  NC).  The  assay  specificity  of  the  pooled 
anti-atropine  antisera  was  evaluated  using  atropine  structural  analogs  and 
atropine  metabolites.  1-hyoscyamine  hydrochloride,  atropine  methyl  nitrate, 
(-)  scopolamine  hydrochloride,  d,l-homatropine  hydrobromide,  acetylcholine 
Iodide,  tropine,  and  d,l-trop1c  acid  were  purchased  from  Sigma  Chemical  Co., 
St.  Louis,  HO.  These  compounds  and  atropine  sulfate  were  prepared  In  10  mH 
MajHPO^  containing  150  mM  NaCl.at  a  pH  of  7.5  to  give  final  concentrations  of 
0.140,  1.48,  14.3,  and  148  nH  in  the  RIA.  The  compounds  were  evaluated  In  the 
atropine  RIA  and  percent  bound  cpm/background  cpm  (B/Bo)  was  determined  at 
each  concentration. 

The  antibody  binding  constant  was  detemrined  using  Scatchard  plots. 
Indcpendont  determinations  were  made  using  data  from  two  atropine  standard 
curves  and  the  values  were  averaged.  Scatchard  plots  were  produced  using 
Riacalc™  software,  v,  2.65  (Pharmacia  LX8  Inc.,  Gaithersburg,  MO)  by  plotting 
3/F  versus  nM  atropine. 

L1,P?14S9,.,1I. _ Establish  and  Validate  Atropine  RIA  at  Battelle 

Battel le  was  provided  with  a  Standard  Operating  Procedure  for  the 
atropine  RIA  (Appendix  A)  and  with  rabbit  anti-atropine  antisera  by 
Or.  Robert  Smallrldge  of  WRAIR.  Battelle  established  this  method  by 
optimizing  the  assay  and  performing  validation  experiments.  The  RIA  was 
performed  manually  according  to  the  SOP.  Battelle  performed  standard  curves 
to  demonstrate  the  detection  limit  and  the  response  range.  The  precision  of 
the  standard  curve  was  investigated  by  performing  from  2  to  14  '•'.ipl icates  of 
each  atropine  standard. 

Rhesus  monkey  serum  samples  were  spiked  with  atropine  sulfate  at  2, 
10,  and  20  ng/mL,  Battelle  analyzed  these  samples  to  deiwjnstrate  the  accuracy 
of  this  procedure.  Battelle  and  WRAIR  each  prepared  Rhesus  monkey  serum 
samples  spiked  with  atropine  at  0,  50,  ISO,  and  500  pg/SO  mL.  Aliquots  of 
spiked  samples  were  exchanged  between  labs  and  each  lab  analyzed  all  spiked 
samples . 


6 


The  purpose  of  this  inter Uhoratory  comparison  was  to  demonstrate  the  accuracy 
of  Battel le’s  method  and  the  equivalency  of  results  between  WRAIR.  and 
Battel 1e. 

2.2.1  Assay  Automation 

The  atropine  RIA  was  converted  to  a  serai -automated  procedure  due  to 
the  many  steps  and  labor  intensive  nature  of  this  method  (see  Atropine  RIA  SOP 
in  Appendix  S).  The  addition  of  assay  samples  and  reagents  to  RIA  tubes  on 
day  1  (standards,  samples,  buffer,  normal  senira,  anti-atropine  antibody,  and 
^atropine)  was  performed  using  a  Tecan  RSP  Model  5052  Robotic  Sample 
Processor  (Tecan  U.S.,  Hillsborough,  MC).  The  system  was  controlled  using  an 
IBM  Model  55SX  computer  and  the  Application  Method  Integrator  (AMI)  Software, 

V-  7.31  (Tecan  U.S.,  Hillsborough,  NC) .  On  day  2,  addition  of  saturated 
amnoniura  sulfate,  SO  percent  saturated  amraoniura  sulfate  solution,  distilled 
water,  and  Hydrofluor  (National  Diagnostics  Inc.,  Manville,  HJ)  was  performed 
manually.  The  assays  used  in  antibody  production  including  titrations  and 
specificity  tasting  were  oerformed  using  the  serai -automated  procedure. 


3..g  flESVLTS 

3.1  Ptiasg  I. _ Prggaration  of.  Anti-Atrooine  Antisera 

3.1.1  Preparation  of  Atrooine-8SA  Conjugate 

Atropine  Is  an  organic  compound  which  requires  coupling  to  a  larger 
carrier  protein  to  elicit  antibody  formation.  Jt  was  conjugated  to  bovine 
serum  albumin  (BSA)  through  a  heterooi functional  t,*ossl inker,  p-aminobenzoic 
acid  (PABA),  according  to  the  following  scheme.  In  the  first  reaction,  PA8A 
was  activated  with  nitric  and  hydrochloric  acid  to  yield  a  di?zoniura  salt. 
Next,  a  carboxyl  group  was  Introduced  Into  the  atropine  structure  by  reacting 
diazotized  PABA  with  atropine  sulfate,  finally,  the  carboxylic  group  or'  the 
newly  synthesized  azo  derivative  of  atropine  was  coupled  to  the  ;-amino  groups 
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of  8SA  by  a  water-soluble  carbodlioide  method.  Uncoupled  reactants  and  by¬ 
products  were  removed  by  exhaustive  dialysis. 

3.1.2  UV  Absorption  Soectroscoov 

UV  spectral  analysis  was  performed  to  determine  the  incorporation  of 
atropine  to  8SA.  UV  absorption  spectra  of  8SA,  *trop^  sulfate,  and 
atropine-8SA  are  shown  in  F<gures  1,  2,  and  3,  respectively,  and  summary  data 
are  tabulated  in  Table  1.  for  atropine  occur  at  250  nra,  256  nm,  and 
262  nm  and  are  distinct  from  8SA  (278  nm).  The  atropine-8SA  conjugate  had  a 
at  268  nm  and  340  nra  corresponding  to  the  bound  atropine  and  the  azo 
group  of  the  crosslinker,  respectively.  These  results  Indicate  the  covalent 
coupling  of  atropine  onto  BSA  through  the  PA8A  crosslinking  reagent. 

3.1.3  TNBS  Analysis 

The  TUBS  assay  was  used  to  quantitate  Indirectly  the  incorporation 
of  atropine  into  BSA  by  quantitating  the  remaining  free  e-amino  groups  after 
the  coupling  reaction.  According  to  the  Beer-lambert  law,  the  concentration 
(C)  of  a  substance  equals  its  absorbance  (A)  divided  by  the  molar  extinction 
coefficient  (e).  For  the  TN8S  reaction,  the  e  for  BSA  is  10*.  Absorbency 
values  for  this  assay  were  converted  to  molar  concentration  by  calculating 
Aj35  ,^10*  and  to  nanomoles  amino  groups/ml  by  calculating  x  10^.  The  BSA 
protein  content  was  also  determined  by  absorbance  at  280  nm  usir.g  of 
0.66.  A  BSA  solution  in  saline  had  an  A^j^^  value  of  0.573.  Using  E  - 
0.66  for  the  BSA,  corresponding  to  a  concentration  was  0.37  mg  protain/mL  or 
13  nanomoles  protein/mL  (67,000  molecular  size  for  BSA).  The  atropine-BSA 
conjugate  was  adjusted  to  1  mg  protain/mL  in  saline  (14.9  nanomoles 
protein/mL)  and  then  used  in  the  TN8S  assay.  Tha  average  number  of  free  amino 
groups  for  BSA  is  39.5  (Table  2).  The  average  number  of  free  amino  groups  in 
the  atropine-BSA  conjugate  was  7.2.  Thus,  the  estimated  atropine:8SA  molar 
ratio  was  32:1.  In  general,  a  haptenrprotein  ratio  of  10:1  to  100:1  is 
acceptable  as  an  immunogen  for  antibody  product! on‘^’. 
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3.1.4  Size-gxclusion  Chromatography  of  Atrooine-BSA 

The  molecular  size  of  the  atropine-8SA  conjugate  was  determined  by 
size  exclusion  chromatography.  Superosa-6  gel  filtration  chromatographic 
profiles  of  BSA  and  atropine-BSA  are  shown  in  Figures  4  and  5,  respectively. 

It  can  be  seen  that  the  conjugate  was  a  mixture  of  monomeric  and  oligomeric 
species  of  atropine-8SA.  Oligomeric  species  were  generated  during  the 
coupling  of  carboxyl  derivative  of  atropine  to  8SA  by  the  EDO  method  as  a 
result  of  interroolecular  crosslinking  through  the  carboxyl  and  amino  groups  of 
BSA.  A  large  molar  excess  (335- fold)  of  atropine  derivative  over  BSA  and 
pre-activation  of  the  carboxylic  groups  of  the  derivative  with  EDC  were  used 
to  ensure  that  the  amino  groups  of  BSA  reacted  mainly  with  the  activated 
atropine  derivative. 

3.L5  Antisera  Production  and  Characterization 

Antisera  Titer.  Twelve  Mew  Zealand  White  rabbits  were  imminized 
with  atropine-BSA  conjugate.  Four  of  these  rabbits  were  immunized  with  the 
conjugate  prepareo  in  MPL  -t*  TOM  adjuvant  and  the  remaining  eight  rabbits  were 
immunized  with  the  conjugate  emulsified  in  Freund's  adjuvant.  Serum  samples 
from  each  rabbit  were  collected  and  titrated  by  determining  the  percent  B/T 
for  serially  diluted  samples.  Although  each  rabbit  produced  anti -atropine 
antibody,  the  percent  B/T  at  a  1:100  dilution  varied  significantly  between 
animals  and  ranged  from  5  percent  to  44  percent  (Table  3).  None  of  the 
preimraunization  sera  demonstrated  significant  reactivity  with  atropine.  Of 
the  twelve  rabbits,  the  best  responders  were  rabbit  E6345  in  Group  I  and 
rabbit  33088  in  Group  Z  as  measured  by  percent  binding  at  1:100  dilution.  The 
development  of  the  anti-atropine  responses  of  rabbits  E6345  and  33088  during 
the  Immunization  period  plateaued  for  both  rabbits  at  9  months  and  no 
significant  Increases  in  titer  were  obtained  with  additional  immunization 
(Figure  6).  A  pooled  serum  sample  containing  aliquots  from  later  bleeds  of 
rabbits  E6345  and  33088  was  prepared  and  used  for  additional  characterization 
studies  and  in  the  atropine  RIA. 
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Optimization  of  Antisera  Dilution  In  Atrooine  RIA.  Following  the 
initial  titration  based  on  percent  B/T,  the  optimal  dilution  of  the  pooled 
sera  was  determined  for  the  standard  curves  of  the  atropine  RIA.  Anti¬ 
atropine  sera  at  1:100,  1:200,  1:400,  and  1:600  dilution.*  were  tested  and 
optimal  assay  characteristics  for  sensitivity  and  response  range  were  obtained 
with  the  1:600  dilution.  A  representative  standard  curve  for  this  dilution  is 
presented  in  Figure  7  and  has  a  slope  of  0.984,  y-int?rcept  of  5.975,  EDja  of 
432.7  pg/50  fiL,  8/T  value  of  0.32,  and  correlation  coefficient  of  0.9903. 
Comparing  5  standard  curves,  the  detection  limit  was  variable  at  the  0.5  ng/mL 
(25  pg/50  /d.)  and  1.5  ng/mL  (75  pg/50  /d.)  levels  but  consistent  at  the 
3.0  ng/mL  level  (ISO  pg/50  lA.).  Each  of  these  values  is  based  on 
quadruplicate  determinations  for  the  reference  and  duplicate  determinations 
for  the  standard  points.  Therefore,  a  detection  limit  of  3.0  ng/mL  was 
selected.  The  upper  limit  of  the  response  range  extended  uniformly  20  ng/mL 
(1000  pg/50  /d.).  Based  on  a  1:600  dilution  and  205  mL  of  antisera,  Battelle 
has  an  adequate  antisera  inventory  to  analyze  approximately  24,500  samples  in 
duplicate  with  standards  and  controls  as  part  of  this  total. 

Specificity  Studies.  The  specificity  of  the  pooled  anti -atropine 
antibody  was  investigated  following  the  optimization  of  the  RIA.  The 
following  compounds  were  evaluated  for  crossreactivity  in  the  atropine 
RIA:  1-hyoscyamine  hydrochloride,  atropine  methyl  nitrate,  (-)  scopolamine 
hydrochloride,  d,l-homatropine  hydrobromide,  acetylcholine  iodide,  tropine, 
and  d, 1-tropic  acid.  Compounds  were  evaluated  at  0.148,  1.48,  14.8,  and 
148  nM.  These  concentrations  were  selected  to  provide  concentrations  on  the 
atropine  inhibition  curve  as  well  as  levels  10-  and  100-fold  higher  than  the 
approximate  mid-point  of  this  curve.  The  inhibition  curves  are  shown  in 
Figure  8,  and  the  ID,g  and  percent  crossreactivity  are  summarized  in  Table  4. 
Scopolamine,  acetylcholine  iodide,  atropine  methyl  nitr''.ta,  tropine,  and 
tropic  acid  showed  no  significant  crossreactivity  (ID,g  2:  148  nM)  with  the 
atropine  antisera  at  the  concentrations  tested.  The  crossreactivity  of 
tropine  and  tropic  acid  was  :S  1.4  percent  at  50  percent  3/Bo,  and  is  within 
the  target  range  of  ^  5  percent  as  specified  in  the  proposal.  l-Hyoscyamine 
and  d,l-homatropine  showed  significant  inhibition  in  the  atropine  RIA.  The 
ID,g  for  atropine  was  determined  to  be  2.11  nM.  Evaluations  of  specificity 


were  made  at  50  percent  8/8o.  The  ID^qS  of  l-hyoscyaniine  and  d,l-homatropine 
were  determined  to  be  60.58  and  22.49  nM,  respectively,  with  the 
crossreactivities  at  these  levels  of  3.5  percent  and  9.4  percent, 
respectively.  The  crossreactivity  of  the  test  compounds  was  less  than  20 
percent  as  specified  in  the  proposal. 

Antibody  Binding  Constant.  The  binding  constant  of  the  pooled  sera 
was  determined  using  Scatchard  plots  of  data  from  the  atropine  standard 
curves.  The  binding  constant  was  determined  from  six  points  on  the  linear 
portion  of  two  inhibition  curves  by  plotting  bound  cpra/free  cpm  (B/F)  versus 
molar  atropine  concentration.  The  mean  value  was  determined  to  be  9.75  x 
10'”  M"’. 

3.1.6  Comparison  to  WRAIR  Antisera 

The  pooled  sera  from  8attelle  and  Or.  Smallridge,  WRAIR,  were 
compared  for  assay  characteristics  in  the  atropine  RIA.  Although  the  total 
bound  cpm/total  cpm  (R/T)  of  Battalia’s  antisera  is  significantly  lower  than 
that  of  the  WRAIR  antisera,  the  slopes  and  y-intercepts  of  the  linear 
regression  line  are  comparable  (Figure  9  and  Table  5).  The  EDjg,  £050,  and 
EDjq  values  were  higher  for  the  Battel! e  antisera;  however  the  detection 
limit,  response  range,  and  binding  constants  for  these  antisera  were 
comparable.  In  general,  the  characteristics  of  the  Battelle  and  WRAIR 
antisera  in  the  atropine  RIA  were  very  similar  except  for  the  low  titer  of  the 
Battelle  antisera. 


3.2  Phase  11.  Establish  and  Validate  Atrooine  RIA  at  Battelle 
3.2.1  Establishment  of  the  Atropine  RIA 

The  atropine  RIA  was  developed  at  Battelle  based  on  the  Standard 
Operating  Procedure  and  rabbit  anti-atropine  antisera  provided  by 
Dr.  Robert  Smallridge  of  WRAIR.  From  Inhibition  curves,  the  optimal  dilution 
of  antibody  was  determined  to  be  1:1600.  At  this  dilution,  the  percent 
binding  of  five  standard  curves  ranged  from  59.3  percent  to  60.5  percent.  The 
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precision  of  the  atropine  RIA  at  various  calibration  points  was  10  percent 
coefficient  of  variation  (CV)  for  the  range  of  30  percent  to  70  percent  B/8o 
and  :S  20  percent  CV  at  standard  curve  values  <  30  percent  and  >  70  percent 
B/Bo  (Table  6)  meeting  the  criteria  established  in  the  proposal.  The  percent 
CV  was  less  than  3  percent  over  the  complete  range  of  the  standard  curve. 

Using  20  replicates  of  the  reference  and  ten  replicates  of  the  25,  50,  and 
75  pg/50  ;/L  standards  in  the  percent  8/Bo  of  the  25  pg/50  pL  (0.934  ±  0.035) 
and  50  pg/50  fA.  levels  (0.853  ±  0.054)  were  not  consistently  significantly 
different  from  the  reference  (1000  ±  0.012).  Only  75  pg/50  fjt  (0.743  ^  0.070) 
was  consistently  significantly  different  from  the  reference  and,  therefore, 
was  selected  as  the  detection  limit.  A  representative  standard  curve  for  this 
atropine  RIA  is  shown  in  Figure  10.  This  standard  curve  has  a  slope  of  1.220, 
a  y-intercept  of  5.939,  and  a  correTition  coefficient  of  0.99413.  The  EDjq, 
ED50,  and  EDgo  are  404.4,  129.9,  and  41.71,  respectively. 

3.2.2  Interlaboratorv  Comparison 

Rhesus  monkey  serum  samples  containing  atropine  were  analyzed  using 
the  RIA  to  determine  the  accuracy  of  the  method.  Serum  samples  containing  2, 
10,  or  20  ng  atropine/mL  were  analyzed.  The  data  presented  in  Table  7 
demonstrate  that  the  measured  level  was  within  10  percent  of  the  expected 
value  at  each  atropine  concentration.  A  second  experiment  was  performed  in 
which  Battelle  and  WRAIR  prepared  experimental  samples  consisting  of  0,  50, 

150,  and  500  pg  atropine/50  ;jL  rhesus  monkey  serum.  The  samples  prepared  at 
each  lab  were  aliquoted  into  equal  volumes  and  each  laboratory  analyzed  all  of 
the  samples  in  an  interlaboratory  comparison.  The  results  of  the 
interlaboratory  comparison  of  samples  are  illustrated  in  Figures  11  and  12. 

For  the  30  samples  prepared  by  WRAIR,  the  correlation  coefficient  of  the 
interlaboratory  comparison  was  0.98  with  a  slope  of  0,923  and  intercept  of 
13.94.  For  the  30  samples  prepared  at  8attelle,  the  correlation  coefficient 
of  the  inter! aboratory  comparison  was  0.921  with  slope  and  y-intercept  equal 
to  0.916  and  -6.171,  respectively.  A  comparison  of  the  expected  values  and 
the  values  as  determined  in  Battelle’s  analyses  of  the  WRAIR  samples  is 
reported  in  Table  3.  The  determined  value  was  within  20  percent  of  the  target 
value  at  0,  150,  and  500  pg/50  fA.  levels  (0  percent,  14  percent,  and  16 
percent,  respectively)  and  was  within  23  percent  of  the  target  value  at 
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50  pg/50  lA..  Based  on  these  studies,  the  RIA  data  from  WRAIR  and  Battelle 
were  judged  to  be  equivalent,  and  approval  was  obtained  from  Dr.  Smallridge, 
WRAIR,  to  use  this  method  for  sample  analysis. 

3.2.3  Assay  Automation 

The  atropine  RIA  is  a  multi-step,  labor  intensive  method.  It 
consists  of  set  up,  assay  procedure,  liquid  scintillation  counting,  and  data 
analysis  (Table  9).  During  the  assay,  critical  pipetting  steps  that  could 
affect  assay  precision  and  accuracy  were  transferred  to  a  Tecan  Model  5052 
liquid  handling  system.  This  system  was  used  to  dispense  standards,  controls, 
samples,  buffer,  normal  serum,  atropine  antibody,  and  ^H-atropine  to  the 
reaction  tube. 

The  manual  and  automated  procedures  were  compared  to  demonstrate 
their  equivalency  before  using  the  automated  method  for  sample  analysis  or 
antibody  characterization  studies  in  Phase  I.  The  standard  curve  for  the 
atropine  RIA  was  performed  by  the  manual  and  automated  methods  and  the  data 
compared.  The  standard  curves  from  both  methods  had  similar  characteristics 
(Figure  13  and  Table  10)  but  there  was  less  variation  with  the  automated 
method.  The  precision  of  the  automated  method  was  found  to  be  equivalent  to 
the  manual  method  with  the  percent  CV  values  ranging  from  1.01  percent  to 
5.05  percent  for  the  automated  procedure  and  0.24  percent  to  7.63  percent  for 
the  manual  method  (Table  11).  In  addition,  the  use  of  automation  reduced  the 
total  attended  assay  time  per  run  from  1240  min  (20.67  hr)  to  945  min 
(15.75  hr)  and  increased  the  number  of  samples  per  day  from  57  to  120  by 
permitting  two  runs  per  day.  In  addition,  the  assay  repeats  due  to  technical 
errors  were  reduced  from  9.9  percent  for  the  manual  method  to  3.3  percent  with 
automation.  Thus,  the  benefits  of  assay  automation  were  increased  sample 
throughput  and  reduction  of  assay  repeats  with  assay  characteristics 
equivalent  to  the  manual  method. 
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4.0  CONCLUSIONS 

Low  molecular  weight  compounds  such  as  atropine  generally  require 
chemical  linkage  to  a  much  larger  carrier  molecule  in  order  to  facilitate 
antibody  production.  In  this  task,  atropine  sulfate  was  linked  to  a 
relatively  large  carrier  protein  molecule,  bovine  serum  albumin,  through 
atropine's  phenolic  ring.  Attachment  at  this  site  has  been  shown  by 
Fasth  et  al.^*’  and  Inoue  et  al.'®’  to  produce  higher  titered  antisera  than  by 
attachment  at  other  sites  such  as  the  tertiary  amine  of  the  tropine  ring  or 
the  hydroxy  methyl  group  of  the  tropic  acid  moiety.  Antibody  production  was 
further  enhanced  by  presenting  the  conjugate  to  the  rabbits  in  an  emulsion  of 
atropine-8SA  conjugate  and  adjuvant.  The  adjuvants  provide  a  nonspecific 
stimulus  to  the  animal's  innune  system  and  provide  for  a  prolonged  release  of 
the  antigen  within  the  animal's  body. 

The  magnitude  of  individual  animal  antibody  responses  to  antigens 
varied  significantly  which  may  be  attributed  to  genetic  differences.  Of  the 
two  best  responders,  one  was  immunized  with  antigen  in  MPL  +  TDM  adjuvant  and 
the  other  with  antigen  in  Freund's  adjuvant.  The  MPL  +  TDM  animal  responded 
somewhat  more  slowly,  but  this  may  reflect  differences  in  the  frequency  of 
immunizations,  route  of  administration,  or  other  factors.  The  maximum 
antibody  level  and  duration  of  the  responses  was  approximately  equal  for 
animals  receiving  each  adjuvant.  Once  the  antibody  response  plateau  was 
achieved,  the  antibody  titer  did  not  increase  with  continued  booster 
immunizations. 

Another  explanation  for  the  low  antibody  titer  is  the  lability  of 
the  atropine  molecule.  Atropine  is  an  ester  of  tropine  and  tropic  acid. 

During  antibody  formation,  the  atropine-BSA  conjugate  is  phagocytized  by 
macrophages  to  form  intracellular  endosomes.  These  subcellular  organelles 
have  an  internal  pH  of  4-5.  In  addition,  during  antigenic  processing, 
endosomes  fuse  with  lysosomes  containing  various  degradative  enzymes  including 
esterases^*’.  Thus,  the  low  pH  and  esterase  content  of  the  endosomes  can 
result  in  cleavage  of  this  atropine  ester  linkage  leaving  tropic  acid  bound  to 
the  BSA  carrier  protein  and  releasing  free  tropine.  Therefore,  the  low 
antibody  titer  of  these  animals  may  be  attributed  to  the  labile  nature  of 
atropine  conjugated  to  the  BSA. 
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An  antibody  pool  was  created  with  sera  from  the  two  best  anti- 
atropine  antibody  producing  rabbits.  The  optimal  dilution  of  the  antibody  was 
1:600  for  the  Battel! e  antisera  and  1:1600  for  the  WRAIR  antisera,  and  the 
percent  binding  at  these  dilutions  was  32  percent  and  57  percent, 
respectively.  Approximately  205  mL  of  the  pooled  antisera  was  created  and  at 
a  1:600  dilution,  this  volume  is  sufficient  for  analyzing  of  approximately 
24,500  samples  in  duplicate. 

The  pooled  antisera  were  evaluated  for  crossreactivity  with  a  group 
of  structurally  related  compounds.  The  hydrolysis  products  of  atropine  are 
tropine  and  tropic  acid,  but  no  crossreactivity  was  obtained  with  either 
compound  at  concentrations  ranging  from  0.148  to  148  nM.  These  results  are 
consistent  with  findings  of  Wurzburger  et  al.”’  and  are  significant  in  that 
the  atropine  RIA  will  measure  the  atropine  parent  molecule  but  not  the  major 
metabolic  products,  tropine  and  tropic  acid.  A  low  level  crossreactivity 
(<  10  percent)  was  obtained  with  1-hyoscyamine  and  d,l-homatropine  at  the  IDjq 
level.  Hyoscyamine  is  an  1-isomer  of  atropine  and  d,l-homatropine  has  a 
hydroxy  group  in  place  of  the  hydroxy  methyl  on  the  tropic  acid  moiety. 

Although  these  structural  differences  are  minor,  10-30-fold  more  of  these 
compounds  were  needed  to  obtain  binding  equivalent  to  atropine.  Similar 
observations  were  made  by  Wurzburger  et  al.  Although  these  data  are  of 
interest  in  understanding  the  specificity  of  the  antibody,  they  are  not  of 
significance  in  the  clinical  application  of  the  method  since  neither  compound 
is  anticipated  to  be  present  in  plasma  samples.  Scopolamine  and  atropine 
methyl  nitrate  are  also  structurally  similar  to  atropine  with  modifications  to 
the  tropine  moiety,  although  the  tropic  acid  moiety  is  identical  to  that  in 
atropine.  Neither  compound  crossreacted  significantly  with  the  pooled 
Battelle  antisera.  Likewise,  acetylcholine  iodide  did  not  crossreact.  These 
results  suggest  that  the  structural  differences  in  the  tropine  moiety  change 
the  immunoreactivity  dramatically. 

Performance  criteria  were  established  in  the  proposal  for  the 
development  and  validation  of  the  atropine  RIA  at  Battelle  using  the  WRAIR  SOP 
and  antibody.  The  criteria  for  detection  limit,  response  range,  and  the 
precision  of  the  standard  curve  were  met,  thus  providing  a  method  with 
experimentally  useful  assay  characteristics  for  pharmacokinetic  studies.  An 
interlaboratory  validation  was  performed  to  further  validate  this  method. 
Analysis  of  identical  samples  at  Battelle  and  WRAIR  showed  excellent 
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correlation.  The  detection  limit  of  the  atropine  RIA  using  Sattelle's  pooled 
antisera  was  3  ng/ml  with  a  response  range  extending  to  20  ng/mL.  These  assay 
characteristics  were  comparable  to  the  WRAIR  antisera  and  were  consistent  with 
the  plasma/serum  atropine  concentrations  anticipated  In  future  pharmacokinetic 
studies. 

In  summary,  the  atropine  RIA  has  been  established  and  validated  at 
Battelle.  Additional  anti-atropine  sera  of  satisfactory  quality  and  quantity 
has  been  produced  In  preparation  for  future  pharmacokinetic  studies.  This 
method  has  also  been  converted  to  a  time-saving,  semi -automated  procedure. 


5.0  RgCOMHgNDATTQNS 

The  anti -atropine  antibody  generated  at  Battelle  is  sufficient  for 
sample  analyses  by  the  RIA,  even  though  the  titer  Is  significantly  lower  than 
the  titer  of  anti-atropine  antibody  obtained  from  Dr.  Smallridge,  WRAIR.  The 
titer  could  be  improved  by:  (1)  conjugation  of  atropine  to  an  alternative 
carrier  protein  such  as  porcine  thyroglobulln  to  obtain  a  higher  level  of 
atropine  Incorporation;  (2)  modification  of  the  conjugation  chemistry  that 
avoids  extremes  of  pH  may  prevent  cleavage  of  the  atropine  molecule  at  the 
ester  site  during  the  conjugation  reaction;  (3)  analogues  of  atropine  may 
retain  the  necessary  immunogenicity  but  with  improved  stability  within  the 
physiological  milieu  of  the  animal;  (4)  the  stability  of  the  atropine 
molecule  in  vivo  may  be  enhanced  by  the  use  of  an  esterase  inhibitor,  such  as 
physostigmine. 
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WAI5E3  RE2D  A»«  EBTITOH  OF  RSSZaRCH 
0S2APrX27r  0?  CONICAL  PSYSIOLOGX 
SSUCA30  OPStATIX  79SXZXSZ 


TTZZ:  (20)  ?rocedar«  for  tb»  MMLsurvBtns  of  Atropia* 


yTio»«  'Kij  SO?  oatLiata  th«  prooeduras  for  ssutIs?  at^iaa  in  s«ra. 
H£fJg£SaS: 


Y.  Wbrsburgar  %7,  RL  Killer,  aS  floxenheisa,  and  S  Specter,  Radioismicoassay 
a£  soropioe  ia  plasne.  J  gtaraaegl  Zxs  '&arao  203: 43S,  1977, 

2.  Kradjaa  V3(,  SC  Simllridge,  R  Ca^,  and  7  Verta,  Atropiae  seros 
eoaoerttra.cioRS  after  mltiple  inhaled  doses  of  atropiae  solfata.  dia  ^Jirraeol 
Therao  38;  12,  1985. 

3.  FDA,  tfancliaicai  Laboratory  Stadias  (Good  Laboratory  ?ractics 
Regolatians),  Fsderai  R«<;iatar  VoL.  43,  IJo.  247,  pp.  600Y3-40023>  22  Dec-  1979, 


!•  General: 

A.  ‘Cui  RZA  procedure  is  based  or  steadard  teehnieoes  usiaqr  an  actibody 
raised  ia  a  rabbit.  Antibody  bound  drt7  is  separated  fras  anbound  atropiae  by 
anxaaci'.3  sulfata  preeipitatioa-  Isotspic  eouats  are  deteraiaed  ia  a  Liquid 
sdatillatioa  systso  and  carpared  to  a  serias  of  atropine_  sxiifate  standards  of 
IcDCWR  eoneactrutioRS.  .  . 

3-  TScbaicsl  support  for  tbe  proesdure  is  perfotsed  hy  Carolyn  I.  dssrtort. 

IT.  Spedficj 

A.  ilaeqeRts 

1.  AtropLne  sulfata  antibody:  Prepare  a  dilution  “sa  assure  bindiaq  of 
50-70%  (tits*,*  of  -  1:1200-1:2200)  i.e.  prspere  a  1:1500  diliution  by  addiaq 

10  ul  of  actibody  to  15.99  ai  pbesphe-ouf fared  saliae  (73S).  tbe  serts  actibody 
is  stored  'undiiutad  at  -20  *C  Ln  30  al  aliquots.  A  fresh  diliitica  is  prepared 
tisa  day  of  aact  assay. 

2.  ?adioli?acd  ( ^-atroplaa  sulfata,  Stedfis  Acti-riry  •  ”30  Ci/melJ : 
Oilutad  Ltitially  ia  buffer  sxicS  that  20  ui  »  4,300  cpn.  Stored  at  -20*0. 

3.  auffar:  ?2S,  off  7.3. 


4.  ‘torral  hurar.  serra  (SHS)-  used  ia  the  standard  tur^e  ard  far 
spiXi-T?  ggaiity  cu.*rcroi  (CC)  saepies  far  hvmtn  sarales.  For  aniael  studies, 
species  specific  aninal  serjs  is  'used  in  place  of  NHS. 


A-2  Study  Specific  SOP 

No.  08180-4203-010 
September  10.  1987 

5.  Liquid  Scintilla-car:  Available  caooercially  as  Oltrr'fluar,  ' 
aydrofluor,  Aquaaol,  ?C3, 

3.  Preparation  of  Standards 

1.  Frozen  scacSe  asncantrate:  1.0  aj  atropine  sulfate  dissolved  in 
20.0  bL  ?SS  »  50  ug/tsl. 

2.  Stadc  As  10  ul  of  frozen  stadc  19.99  oL  buffer  •  0.5  uq/20  cL 
(25  ng/mL).  Tbis  is  prepared  fresh  before  eacti  assay. 

3.  Stode  3:  100  ul  of  stadc  A  2.4  ml  buffer  ■  2.5  09^2.5  ml  (1.0 

03/mL}.  2iis  is  prepared  fresh  before  assay. 

4.  Standard  curve  cancenr rations 

0  pq  «  Buffer  alone  250  pq  *  10  ol  of  stadc  A 

25  pg  •  25  ul  of  stadc  3  500  ptr  •  2ff  ul  of  Stacie  A 

SO  pg  *  50  ui  of  Stacie  3  750  pg  •  30  ul  of  stadc  A 

75  pg  ■  75  ul  of  stadc  3  1000  pg  *•  40  ul  of  stadc  A 

100  pg  ■  100  ui  of  stadc  3 

•  ISO  pg  ■  ISO  ui  of  stadc  3 

C-  Preparatian  of  Cuality  Control  Sera. 

1,  Stadc  C:  1.0  ml  of  stadc  A  (2Sag)  +•  1.5  ml  nocaai  buaan  serta  »  25 
t3g/2.5  ml  (10  og/ml).  For  eniral  studiesr  species  specific  en-iml  seres  will  be 
used  in  place  of  bunan  sera. 

2,  Stadc  0:  2Q0  ul  of  stadc  A  (5  ng)  4-  2.3  ml  notsal  btssan  setts  ■  5 

09/2.5  ml  (2  nq/miJ 

3,  or  'Tsncentratic.ts 

500  pg  •  50  ul  of  stadc  C 

250  pg  ■  25  ul  of  stadc  C 

100  pg  ■  50  ul  of  stadc  0 

0.  aiA  Procedure 

1 .  Addition  of  reecents:  Safer  ta  'Table  1  for  voltsaa  of  each  reagent 
added  ta  the  standard  rrrve,  .oenspecific.  QZ,  and  itdcyxn  samle  assay  tsbes. 
Peegents  ar^  added  ta  12  r  73  na  ?1A  tines  in  order,  fraa  left  to  riant. 

2.  Total  Ccatts:  Add  20  -il  of  ^stropLoe  ta  2  glass  scintillation 

vials. 

3.  Vortes  sect  SIA  tine  for  5-10  seconds. 

4.  Locuatte  SIA  tunes  for  13-24  hours  it  5*C. 
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E.  Aanoniua  Sulface  ?recipitacion 

L.  Add  O.S  mi  o^  100%  sacurated  Vbrtax  for  5-10  secsnds. 

Incabaca  for  13  min  ac  3*C.  Centrifuge  at  3o2o  t?a  far  20  min.  '  Asrirara 
susemaee  by  aastsur  pipet. 

2.  Add  1.0  mi  of  50%  simiratad  Ttorrex  for  5-10  seconds. 

Cencri  fuge  ar  3000  for  23  min.  Aspiracs  smema'Ce  by  pastetsr  pioec. 

3m  Add  1.0  ml  dlsrillwd  3^  to  dissolve  each  pcecipltatS/  vocmax  for 
5-10  seconds  and  transfer  eo  glass  scinrillacicn  vials.* 

4.  Rinse  eecb  RIA  tube  with  2.0  ml  of  1  scincillaGor  and  transfer 
to  each  sdncillacian  ^ial. 

r.  Ciqtiid  Scineillacicn 

1.  Add  8  ml  of  liquid  scintillator  to  eadt  vial.  Cap  vials. 

2.  Count  vials  in  Tracor  Analytic  Liquid  Systas  for  10 

adnutas. 

G.  calculations  and  Statistics 

1.  Parfora  cornutacions  and  statistical  analysis  of  data  with  Bewlatt 
Padcacd  98I5A.  CaLcuiacor. 

2.  Multiply  by  conversion  factor  to  obtain  casults  in  ng/tel. 
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Data  m 


Superviscr  Acrrsvai  ^i/. 

'  / 


/  *  PmL. 


• 

TMIZ  1. 

Study  Specific  SOP 

No.  08180-4203-010 
September  10,  1387 
AISOPIUZ  SCLPAE  aADIOMiCNOASSA? 

Tube  ♦ 

Canosnuratian 

Standard 

Sassle 

Suffer 

NHS 

Ab 

^5-Atr 

Stafdard  Curve 

T-2 

Nonspecific  Binding 

430  111 

50  ul 

20  ul 

0  Pg 

330  b1 

50  III 

TOO  III 

20  ul 

7-a 

25  9g  Stodc  B 

25  bI 

305  Bl 

SO  ul 

100  ul 

20  ul 

^10 

50  Stode  3 

50  111 

280  ul 

50  ul 

100  ul 

20  ul 

Tl-12 

75  Pg  Stock  3 

75  al 

255  b1 

50  ul 

100  ul 

20  ul 

T3-U 

100  Pg  Stodc  3 

100  111 

230  III 

■  50  ul 

100  III 

20  ul 

1S-T6 

laO  Pg  Stodc  3 

150  111 

180  ul 

50  ul 

100  111 

20  ul 

T7-T3 

2S0  Pg  Stodc  A 

10  111 

220  111 

50  111 

1QQ  ul 

20  ul 

19-20 

SOO  Pg  Stodc  A 

20  III 

310  III 

SO.iil 

100  ul. 

20  ul 

21-22 

750  Pg  Stodc  A 

30  bI 

300  III  • 

50  ul 

1QO  ul 

20  ul  • 

23-24 

1000  Pg  Stodc  A 

40  111 

290  III 

50  III 

TOO  ul 

20  ul 

Goalitf  Control 

• 

2S-2S 

100  ?g  Stodc  0 

50  bI 

330  111 

100  III 

20  ul 

27-28 

250  Pg  Stodc  C 

25  bI 

330  ul 

25  Bl 

100  ul 

20  ul 

23-30 

500  ?g  Stodc  C 

SO  Bl 

330  al 

100  ul 

20  ul 

Sena  Sessles 

31-32 

Sascla  1 

50  111 

330  ul 

100  ul 

20  ul 

33-34 

Serole  2 

50  111 

330  ul 

100  ul 

20  ul 
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r/II.  SCOPE/PURPOSE: 

The  purpose  of  this  Standard  Operating  Procedure  (S01*i 
Radioimmunoassay  method  employed  in  the  determination 
sulfate  concentrations. 


III.  REFERENCES: 

1.  Murzburger,  R.  J-,  Miller, 

1977.  Radioimmunoassay  of 
Therap  203:  435. 

2.  Kradjan,  W.  A.,  Small 
Atropine  Serum  Conce^^tions 
Atropine  Sulfate,  i^^^harroacol 


rV-  DEFINITIONS;  Non 

•  V.  PROCEDURES: 
Prelimin 
A.  P 


ir  vj|  I  •  420 

aCl  8-766 

stilled  wat^^^S^S. 980.0 

jiHt  the  pH  to  7.5‘)i 
00  ml  with  distilled  water. 


7.5 

1  liter  PBS  (10  mM 


Bring  the  volume  to 


Store  PBS  at  l-B’C.  The  PBS  is  stable  for  a  period  of  one 
month  from  the  date  of  preparation. 

8.  Preparation  of  Saturated  Ammonium  Sulfate 

1-  Combine  the  following  reagents  to  prepare  500  ml  saturated 
ammonium  sulfate: 

(NHJ^SO,  257.6  grams 

distilled  water  500.0  ml 
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Z.  Do  not  adjust  pH.  Store  at  1-9*C.  This  reagent  is  stable 
a  period  of  one  month  from  date  of  preparati'oa.  Prepare ^ 
least  24  hours  prior  to  use. 

Preparation  of  50  percent  Saturated  Ammonium  Sulfate^^^^^r 


1.  Combined  the  following  reagents 
saturated  ammonium  sulfate:  ... 


-epare  500  ml  dt 


srcent 


(NHJ-SO, 
distilled  water 


pgraras 

ml 


2.  Do  not  adjust  pH. 
a  period  of  one  mortb 
least  24  hours  pg^^to  u^ 


Preparation  of 


le  Stock  Stfl 


fate  Prepar^ 


1.  ’H-Atropin^^^r^^^^S^n  PBS,  pH  7 . 5 ^‘^^jj^jgf^^^rati on  of 
app^^^^^^  4000  This  materP^^^^^^uoted  and 

2-  iquot  daily,  ^^^^^^^^^^eftover  material 

S^fte  c^^^tjLon  of  the  exp^^ent  accor^^OT  to  Battel  le  SOP 
for  diSDOSff^^pxadioactive  ^pyials. 


Primal 


tepa^^^^^^ng/^^^lution  of^tropme  sulfate  in  PBS, 

Weigh  a^^imum  of  ICL^^fig  atropine  sulfate.  Mix 
ag^qhl y  and  aTi^ot.  Store^^aS -70  (s  5)®C.  The  material  is 
for  a  perfi^^  one  yea^^om  the  date  of  preparation. 


:^Si\  of  Rabbit  AnticrA 


fnt  isera  Stock 


l^^^e  correct  concentration  of  rabbit  anti -atropine  antisera  will 
.^j^poe  determined  in  preliminary  testing.  The  stock  antisera  is 
stored  as  30  li]  aliquots  at  -70  (2  5)*C.  Dilute  the  antisera 
to  the  proper  concentration  in  PBS,  pH  7.5.  Prepa'*e  the 
diluted  antibody  fresh  daily.  Leftover  material  may  be  frozen 
and  used  for  repeat  analyses  performed  within  a  period  of  five 
days.  Thereafter,  dispose  of  the  diluted  material. 

G.  Normal  Serum 

1.  A  stock  of  normal  serum  obtained  from  the  same  species  as  that 
of  the  serum  samples  being  analyzed  will  be  aliquoted  and 
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stored  at  -70  (i  S)*C.  The  frozen  stQck,..fvstable  for  a 
of  one  year. 


OT  one  year. 

2.  A]iquot(s)  of  normal  serum  are  thawed  freshly^® 
The  serum  is  used  undiluted  in  the  assay.  Unuss 
be  frozen  and  used  on  a  subsequi^  test  day. 

H.  Test  Samples  A A 

1.  Test  samples  are  stored  aj^SyO  (i 


RIA  Set  Up  (Day  1) 


1.  Prepare  atropine  s 
freshly  thawed  a.^ 
as  follows: 


^day. 
il  may 


^ily  from  a^^ 
Kftck  solution 


a)  Combi ne^^te^^^^ary  Atropi 

b)  Com^^iO  fi]  +•  S 

d)  J^^e  10  n\  Oiiuti^^^^ 


a  +  990  li]  PB 


8S 

:^(stcJt 


ion  b) 
^A) 


^^over^ 

conclusiorr 


la  leftover  Priq 
^^ne  Stocks  A  | 
RIA  set  uc 


F  Atropinef^^k  as  well  as 
,  B  and  Oilu^^s  a  and  b  at  the 


^iTwith  1.5  ml  of 


^^^CK  L wi tn  i.b  mf  or 

v^^^s  may  be  nwdified.  proportionately  in  order 
^ce  we  c^OTct  volurae^^r  larger  or  smaller 
iments.  Oi's^e  of  the  ujaased  material  at  the  end  of  the 


Stock  0  by  /il  Stock  A  with  2.3  ml  normal 

^Sra  derived  from  the  l^iw^^cies  as  the  sera  under  analyses. 
j^^he  volumes  may  be  modified  proportionately  in  order  to  prepare 
^^rthe  correct  volumes  for  larger  or  smaller  experiments.  Dispose 
of  the  unused  material  at  the  end  of  the  test  day. 

5.  The  RIA  procedure  is  set  up  as  described  on  the  attached  form 
entitled  "Atropine  Sulfate  Radioimmunoassay  Tube  Setup". 
Reagents  are  aliquoted  to  12  x  75  mm  polystyrene  RIA  tubes  in 
order  from  left  to  right  as  indicated  in  this  form. 


6.  Upon  adding  all  reagents,  vortex  each  tube  5-10  seconds. 

7.  Incubate  the  tubes  20  (=  1)  hours  at  l-O’C. 
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0L4-00 


DATE: 


RUN  No. 


?AGE:Na: 
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RECORD  FOR  INSTRUMENTS.  EQUIPMENT.  RE.\CENTS 
USED  FOR  R-\DIOIMMUNOASSAY 


Aasay: 

Project  No,. 

SC  No.  ' 

lonttnctK/  Equipment 


Gamma  Coumef 


Sciiaillatioo  Couiuer 


Wiier  3aia  (Temp.) 


Heatinf  3lodu/Orv 
3acti  (Temp.) 


Bandla  ID 


ItwiPaior  (Temo.) 


Otber:  laoipauoo  TIis 


Eta  Date 


TeeSmaan  S-taanrer 

1  bate: 

PevTe»«l  3»' 

i  Date; 

APPENDIX  C 


100 

90- 

80- 


Ifonths 


HGURE  6.  DEVELOFMmr  OF  Ami-ATROPIWE  ANTIBODY  RESPONSE. 

TTTER  IS  EXPRESSED  AT  foBTT  FOR  1:100  SERUM  DILUTIONS, 
-o-  RABBIT  E6345;  RABBIT  33088- 


Atropine  Cancentran'on  (pg/50  (iL) 


FIGiniE  7.  ATROPINE  STANDARD  CURVE  FOR  POOLED 
ANTI-ATROPINE  ANTIBODY 
Hie  andsera  was  diluted  1:600  and  the 
plot  is  an  unweighted  linear  regression. 


Concaniration  (nM) 


HGURES.  SPECinCITY  OF  Aim-AIXOPINE  ANTIBODY. 

-o-,  ATROPINE;  DL-HOMATROPINE; 

-A-  L-HYOSCYAMINE;  -A-  (-)  SCOPOLAMINE; 

-1-  ATROPINE  METSYL  NTIRAIE;  -O-  ACETYLCHOLINE 
IODIDE;  -■-D^TROPIC  AdD;  -  -  TROPINE 


Uigli 
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Atropine  Q)ncentration  (pg/50  pL) 


FIGURE  9.  COMPARISON  OF  BATTELLE  AND  WRAJR  ANTISERA. 

Anti-atropine  antisera  was  dOuted  to  1:600  for  Battelle  (a) 
and  1:1600  for  WRAIR  (b). 


Logit 


zr. 


-  \ 


X 

“  X.  - 


'T  - 

N 

-  \ 


5G.  iOO.  ZOO. 


500 .  1000 .  ZO00 


Atropine  Concentranon  (pg/SO  |iL) 


nGURE  10.  ATROPINE  STAZVDARD  CIJRVE- 

THE  CURVE  WAS  GENERATED  MANUALLY 
USING  WRAJR  antisera  DILUTED  ld.600 
DURING  TSjfc  VALIDATION  PHASE  OF  TBE 
STUDY. 


I 

I 

I 

I 

I 


I 
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■  FIGURE  11.  INTERLABORATORY  COMPARISON  OF  ATROPINE  RU 

I  SAMPLES  PREPARED  AT  WRAIR 

I 


I 

I 

I 

I 

I 


FIGURE  12,  COMPARISON  OF  ATROPINE  RLi 

SAMPLES  PREPARED  AT  BATTELLE 
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3.  . 


2.1V 


J"'?  N  -  Automted 

1 

1 

j 

j  HUMflll 


0. 


- - 


1 

L 


-7.4 


-3j 


X- 

K 


r 

I 

4 


r 

i. 

i 

L 

I 

1 


20. 


50. 


■  •  t 

100. 


200. 


500.  IGOO.  2000, 


pg/50^ 


nCURE  O.  COMPARISON  OF  STANDARD  CORVES  FOR 
MANU  AL  AND  AUTOMATED  ATROPINE  RIAS 


TABLE  1.  UV  ABSORPTION  OF  ATROPINE,  BSA,  AND 
ATR0PINE-8SA  CONJUGATE 


"  Absorptforr  B'and'sf'  "'  "t'"''  r"'  ]j 

s  >  .  1 

■lai 

mi 

'  •'  '  '  'XSN 

BSA 

278  nm 

0.066 

Atropine 

Sulfate 

2  SO  nm 

0.44 

256  nm 

0.53 

262  nm 

0.41 

Atropine-BSA 

268  nm 

1.080 

340  nm 

0.520 

*  Determined  on  Beckman  OU-50  Spectrophotometer. 


I 


s 
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TABLE  2.  SUMMARY  OF  TN8S  ANALYSIS  FOR  BSA  AND  ATR0PINE-8SA 


Tv^Simial'e 

^ ' 

nmales 

BS«/raL 

^4 

;  ^has 

V  *•  '  sV 

nmoles;  Amina*’ 

.  Srouosr/fflL  ’ " 

^  moTiejiratfair', 

,  ..CajJtino'  ' 
^'groupscBS’Air'" 

.iSfSSHH 

0.65 

0.246 

24.6 

37.8 

1.30 

0.535 

53.5 

41.2 

BSSSSSII9I 

0.746 

0.055 

5.5 

7.4 

1.492 

0.103 

10.3 

6.9 

•  nanomoles  of  free  amino  groups/mL  -  corrected  A335  x  100. 


I 
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TABLE  3-  RABBIT  ANTI-ATROPINE  TITERS 


S'  Bound*" 

I 

E6345 

44 

£6370 

32 

z 

33088 

45 

32564 

10 

32492 

12 

33169 

5 

32578 

15 

32522 

20 

32597 

26 

33023 

32 

%  binding  at  1:100  dilution 
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TABLE  4.  SPECIFICITY  OF  ANTI-ATROPINE  ANTISERA 


R'  '  CbmpQundr  ' 

atropine  sulfate 

2.11 

1-hyoscy amine 

60.58 

3.5* 

d,l-homatropine 

22.49 

9.4 

scopolamine 

aI48 

2^.4 

acetylcholine  iodide 

ad  48 

:Sl.4 

atropine  methyl  nitrate 

al48 

2^.4 

tropine 

2148 

Si. 4 

I  tropic  acid 

ad  48 

Si. 4 

*  %  Cross  Reactivixy 


1 100* 

ZDjg  Test  Compound 


I 

I 

I 


TABLE  5.  COMPARISON  OF  BAHELLE  AND  WRAIR  ANTISERA 


^-Asi-p^raaeter*'  '  - 

r~  ' '■s'Eatte'lTe*' 

Wraik: 

Initial  Dilution 

1:500 

1:1600 

R/T 

0.32 

0.57 

B/T 

0.01 

0.01 

Slope 

0.984 

1.156 

y-intercept 

5.975 

5.515 

correlation  coefficient 

0.99034 

0.99917 

ED^ 

1770 

392.5 

ED„ 

432.7 

118.3 

ED,„ 

105.8 

35.63 

Detection  Limit 

3.0  nq/mL 

1.5  nq/mL 

Response  Range 

3.0  -  20.0  nq/mL 

1.5  -  20.0  nq/mL 

Binding  Constant 

9.75  X  10'”  M*’ 

2.8  X  10'’°  M*’ 

TABLE  7.  RECOVERY  STUDIES  OF  ATROPINE  IN  RHESUS  MONKEY  SERUM 


•.< 

WmmSigB 

fotropiner 

liilSii 

S^p:rer;'T 
Sf  Ze'. 
(ULV  '  ' 

^  ^pected 
“  ’Laver'  ' 

?"Cp's/S<^/iLJ, 

^  ^  ' 

Measured; ' 

• , '  r.  LeveT:' . : 

,'  '  Recovered, 

2  tig/mL 

s 

SO 

100  pg 

99  ±  2.1 

99  ±2.1 

10  ng/mL 

5 

50 

500  pg 

528  ±  11 

105.6  ±  2.2 

20  ng/mL 

5 

so 

1000  pg 

920  ±  57 

92  ±  5.7 

TABLE  a.  COMPARISON  OF  RECOVERY  STUDIES  FOR  ATROPINE  IN 
SPIKED  RHESUS  MONKEY  SERA  PREPARED  AT  WRAIR  AND 
ANALYZED  AT  BAHELLE 


|., Actual'  Cortcentratfon' 

''  '  rp<r/ECf'iHt.>* **  ' 

;  i  Measured  Goncentratf on 
'(pg/SQ'/A)!" 

>  '5^  ESqjerte^" 

0 

:S25 

100 

so 

38.4  ±  10. r 

77 

150 

in.3  ±  11.4 

114 

500 

580.2  ±  36.9 

116 

*  The  actual  concentration  of  atropine  in  the  sample  as  prepared  by  WRAIR. 

**  The  atropine  concentration  in  the  sample  as  determined  at  Battelle 
during  the  interlaboratory  comparison. 

“  Mean  i  standard  deviation  of  duplicate  determinations. 

%  expected  calculated  by  dividing  measured  concentration  by  actual 
concentration. 
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TABLE  9.  OUTLINE  FOR  THE  MANUAL  AND  AUTOMATED  ATROPINE  RIA 


:  '  ,  '  ;A33ay  Step> 

Timer  (minutes):  | 

ASSAY 

Manual 

Automated  j| 

Set  up 

Attended 

Elapsed 

Attended 

prepare  reagents* 

60 

60 

60 

60 

sec  up  test  mbes  in  racks* 

60 

60 

60 

60 

Assay 

add  reagents  (7)  to  tube** 

300 

300 

5 

45 

vortex  each  tube 

30 

30 

30 

30 

incubate  20  hours 

5 

1200 

5 

1200 

dean  up 

30 

30 

30 

30 

add  <aT»faT<*d  ammonium  sulfate 

45 

45 

45 

45 

vortex 

15 

15 

15 

15 

incubate  15  minutes 

15 

15 

centrifuge 

10 

30 

10 

30 

aspirate  supernatant 

60 

60 

60 

add.  50%  ammonium  suifote 

45 

45 

45 

45 

vortex 

15 

15 

15 

15 

incubate  15  minutes 

0 

15 

15 

centrifuge* 

10 

30 

10 

30 

aspirate 

60 

60 

60 

60 

adddH20 

45 

45 

45 

45 

vortex 

15 

15 

15 

15 

transfer  to  scintillanon  vial 

60 

60 

60 

60 

add  LSC  solution* 

60 

60 

60 

60 

DETECTION 

transfer  vials  to  counter* 

30 

30 

30 

30 

set  up  LS  counter/computer 

5 

5 

5 

5 

count  vials  (approximately  10  min/tube) 

1400 

0 

1400 

dean  up 

30 

30 

30 

DATA  ANALYSIS 

set  up  RIAyCALC  software 

5 

5 

5 

5 

manually  enter  data 

30 

30 

30 

30 

1 

analyze  dart: 

5 

5 

5 

5 

review  data 

30 

30 

30 

30 

document  data 

180 

180 

180 

180 

TOTAL 

1240 

3905 

945 

3650 

Step  penonned  by  second  tecamcian. 

Time  in  minutes  for  140  tubes  (standards,  40  samples,  and  controls  in  duplicates) 


Automated  steps  performed  by  Tecan  liquid  handling  system 
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TABLE  10.  COMPARISON  OF  THE  MANUAL  AND  AUTOMATED  ATROPINE  RIA 


]^r3nieteE'' . '  >  i W 


R/T 


Slope 


y-intercept 


cotrdarinn  coefficient 


ED20 


Dececdoa  Limit 


Response  Range 


%  CV  for  Standards 


'  ''  ■''.'.''Antomated' 

0.67 

0S7 

0.01 

0.01 

1.135 

1.156 

5J88 

5-515  1 

0.99835 

0.99917 

392.1 

392.5 

115J 

118.3 

34..0* 

35.63 

OJ  ng/mL 

0.5  ng/mL 

0.5-20.0  ng/mL 

0-5-20.0  ng/mL 

0.2^%-7.63% 

1.01%-5.05% 

Manual  and  automated  assays  performed  with  WRAIR  antisera  dnuted  1:1600 
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TABL^ll.  COMPARISON  OF  THE  PRECISION  OF 

MANUAL  AND  AUTOMATED  ATROPINE  RIAS 


Kv;..  AtaoiniDsc^; '  ■ 

"MSUiak;  ''  '  ■ 

f'McntaJM^ 

MeaaeP^f 

'SttLDiv;, 

f'  wor 

•  '‘-i'K 

NSB 

463 

3.6 

7.8 

50.3 

3.3 

6.61 

RMennce  (0) 

2768.7 

28.0 

1.01 

3127.0 

1092 

320 

25 

2399.1 

99.2 

4.13 

23622 

5.7 

024 

50 

2017.8 

79.5 

3.94 

2392.6 

182.6 

7.63 

75 

1797.3 

64.1 

3J6 

20422 

42.1 

2.06 

100 

1537.8 

26.9 

1.75 

1726.3 

19.6 

1.13 

150 

1150.6 

13.8 

120 

1288.7 

38.4 

2.98 

250 

S32.0 

42.0 

5.05 

9012 

272 

3.05 

500 

4623 

4.9 

1.07 

529.1 

9.2 

1.73 

750 

344.8 

moil 

2.26 

386.9 

7.2 

1.86 

